This paper presents the Magnetic NanoProbe Swarm mission utilising a constellation of several swarms of nano satellites in order to acquire simultanous measurements of the geomagnetic field resolving the local field gradients. The space segment comprises of up to 4 S/C swarms each consisting of up to 6 nano satellites (NanoProbes) and 1 mother spacecraft (MSC) to be launched with a single launcher in polar low Earth orbits. The NanoProbes, equipped with magnetometer payloads operate in the vicinity of the MSCs. The MSCs will eject the NPs after acquisition of the initial orbits, provide control and maintenance of the swarm constellation and serve as communication relay to the ground. The systems design relies on near to medium term technology.
INTRODUCTION
Accurate measurements of the geomagnetic field are one of the very few ways by which we can probe the properties of the Earth's interior, especially concerning dynamic processes in the core and mantle. In addition, the geomagnetic field and its interaction with the solar wind plays an important role in forming the external environment of the Earth in a way that also affects space-weather and atmospheric processes related to climate and weather.
ESA
selected 'SWARM -a Constellation to Study the Dynamics of the Earth's Magnetic Field and its Interactions
with the Earth System', as one candidate for the second cycle of Earth Explorer Opportunity Missions [1] . For monitoring the Earth magnetic field with an unprecedented temporal and spatial resolution SWARM proposes a constellation of four satellites in two polar low Earth orbit planes at 450 km and 550 km altitude (see sketch on the right).
Expanding on this concept of SWARM, the Magnetic NanoProbe Swarm MAGNAS is proposed to comprise of four S/C swarms each consisting of six nano-satellites and one mother spacecraft. The utilisation of swarms of nanosatellites equipped with magnetometer payloads -so-called NanoProbes -instead of spread area. The specific interest in the science data from MAGNAS lies in the unique possibility to map the detailed magnetic vector field gradients from local electric currents. These local sources act as time-varying noise on the main field, and prevent a precise separation of the Earth's core and crustal field sources from the more distant magnetospheric and solar wind currents. The mapping of the field-aligned currents per se is an equally interesting and important task, as these currents carry the electromagnetic energy input from the distant solar wind to the low altitude Earth's ionosphere and atmosphere [2] .
MISSION CONCEPT
The baseline system concept for MAGNAS comprises 4 swarms, each consisting of 6 NanoProbes (NP) and 1 Mother Spacecraft (MSC) leading to a total amount of 28 spacecrafts. The NP's operate at determined positions in the vicinity of the MSC (< 100 km TBC). The MSC provides the communication facilities and the absolute and relative attitude measurement.
The total system launch mass is estimated to be less than 1000 kg and shall be placed into orbit using a single launcher. The MSC will dispense the NPs when the demanded orbit constellation is acquired. As baseline the NPs will be ejected at the orbit point of highest latitude in across-track direction yielding a change in the RAAN angle of the resulting orbits whereas the inclination will remain the same as for the MSC. As all Swarm members possess the same inclination, their relative orbit drift rate equals zero. To avoid a collision at the nodal point, all Swarm S/C have to pass this point consecutively, which requires an orbit phasing manoeuvre of each NP. The first impulse is obtained by ejecting the NP's slightly out of across-track direction, whereas the second impulse is carried out by the NPs' AOCS system.
NANOPROBES
Apart from the science magnetometer, the Nanoprobes (NP) carries a full Electrical Power System, Command and Data Handling System, Attitude & Orbit Control System (AOCS) and Telemetry/Telecommand (TM/TC) System. The science magnetometer is mounted at the tip of a short carbon fibre telescopic boom in order to minimise magnetic disturbances from the NP body. The NP's are spin stabilized activated by a single-fire pyrotechnics thruster. The AOCS further include a sun-compass and a magnetic torquer 
MOTHER SPACECRAFT
The mother spacecraft (MSC) will eject the NPs with determined directions and impulses after acquisition of the initial orbit, control and maintain the swarm constellation and serve as communication relay to the ground. As a device for both the accommodation of the NPs on-board the MSC and for their ejection from the MSC, a draft design of the NP dispenser unit NDPU is shown in Figure 4 . One dispenser unit provides three compartments for the NPs and a separation system. A Laser ranging system and the communication facilities between MSC and the NPs, will be an integral part of the dispenser unit.
The instrumentation will be supplemented by a dual or triple-head Advanced Stellar Compass (ASC) star camera system for absolute attitude, and a commercial GPS (Global Positioning System) receiver for precise positioning information and for absolute timing.
The S/C design for MAGNAS is based on the OHB small satellite heritage expanded by the following approach to comply with the MAGNAS requirements (see Figure 5 ): ♦ Propulsion system for orbit aquisition and constellation maintenance. The utilisation of the OCS for attitude control instead of the reaction wheel will be traded during further studies. ♦ Two NPDU's attached underneath the S/C bus structure. The NPs will be ejected simultaneously in pairs of two and in opposite directions of the MSC. For TM/TC between the Mother Spacecraft (MSC) and the NanoProbes (NP) a miniaturised low power UHF-link is proposed with transmittion rates of 16 kbit/s (TM) and 1 kbit/s (TC). The NP detection and ranging system on-board the MSC consists of the ASC star camera system, a steerable Laser beam solid angle scanning system on the NPDU and the sun-and-Laser detector onboard the NP. The ASC point out the NPs from other objects and follow their trajectories relative to the MSC. For extension of the detection distance the NP might, if needed, actively emit light from a suitable solid-state diode. The solid angle Laser scanning system scans the space around the MSC in a solid angle around the direction of the NP till hitting the probe and finding their distance by time-of-flight and their velocity by Doppler frequency-shift measurements. From the time of ejection of the NPs, the Laser beam points at the NPs one at a time, and one after another. For adequate for magnetic modelling of the Earth's main field the position knowledge of the MSC needs to be accurate to 50-100 m. As baseline components of the ranging system, a diode pumped Nd-YAG-Laser combined with a Laser printer scanner system is envisaged.
